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DEVELOPING UNIT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority to Japanese Patent Appli 
cation No. 2005-133091. The entire disclosure of Japanese 
Patent Application No. 2005-133091 is hereby incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a developing unit. 
2. Background Information 
An electrophotographic image forming device such as a 

laser printer or a copying machine comprises a photosensitive 
drum and a developing unit that provides toner to the surface 
of the photosensitive drum. In addition, the developing unit 
includes a developing roller that supports developer on the 
surface thereof, and an agitation transport member that agi 
tates the developer While simultaneously transporting it in the 
axial direction and providing it to the developing roller. Fur 
thermore, the developing roller generally includes a plurality 
of magnetic poles, including a draWing pole that draWs devel 
oper onto the surface of the developing roller and a peel-off 
pole that peels off the developer remaining on the surface of 
the developing roller after passing by a developing region in 
Which toner is supplied to the photosensitive drum from the 
surface of the developing roller. 

Japan PatentApplication Publication J P-A-04-060665 dis 
closes the above described type of developing unit, Which 
includes a ?rst agitation transport member and a second agi 
tation transport member, Which are arranged parallel to each 
other in a horiZontal direction, and a developing roller 
arranged above the ?rst and the second agitation transport 
members. According to this developing unit, the tWo agitation 
transport members are arranged parallel to each other. There 
fore, it is possible to manufacture the entire developing unit to 
be slim. In addition, according to this developing unit, it is 
possible to arrange the developing unit beloW the photosen 
sitive drum. Thus, it is possible to miniaturiZe the image 
forming device in the lateral direction. 

HoWever, in this developing unit, the developer contained 
in the ?rst agitation transport member side is draWn to the 
developing roller and transported to the developing region. 
The remaining developer is peeled off the surface of the 
developing roller after passing the developing region, and 
dropped on the second agitation transport member side. As a 
result, the amount of the developer increases on the second 
agitation transport member side. On the other hand, the 
amount of the developer on the ?rst agitation transport mem 
ber side decreases. Thus, the amount of the developer con 
tained in the tWo sides becomes imbalanced. Accordingly, the 
density of the developed image may appear to be Weak, or the 
developer may over?oW out of the second agitation transport 
member side. 

In order to resolve the above described problem, Japan 
Patent Application Publication JP-A-10-123816 discloses a 
developing unit in Which the amount of the developer con 
tained on the ?rst agitation transport member side and the 
second agitation transport member side can be balanced. In 
this developing unit, a larger quantity of developer contained 
in the second agitation transport member side Will be moved 
to the ?rst agitation transport members side by taking one of 
the folloWing measures, for instance. One measure is forming 
a sloping base on a housing so that the ?rst agitation transport 
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2 
member side can be arranged beloW the second agitation 
transport member side. The other measure is adjusting the 
amount of the developer transported betWeen these tWo agi 
tation transport members by changing the siZe of an opening 
formed on the partition plate that is arranged betWeen these 
tWo agitation transport members in the horiZontal direction. 

HoWever, if the base of the housing is formed in a slope, the 
entire ?rst agitation transport member Will be droWned by the 
developer. Thus, agitating and transporting the upper portion 
of the developer aWay from the agitation transport member 
Will be extremely dif?cult. On the other hand, enlarging the 
openings on the partition plate Will not effectively balance the 
amount of developing agent on the tWo agitation transport 
member sides, because it Will be time consuming. Therefore, 
this solution Will only be su?icient for a loW speed image 
forming device that outputs a feW number of print sheets at a 
time. 

On the other hand, Japan Patent Application Publication 
J P-A-2002-14891 5 discloses a developing unit in Which the 
developing roller is arranged diagonally above the ?rst agi 
tation transport member and facing the second agitation 
transport member. More speci?cally, in this developing unit, 
the ?rst agitation transport member and the second agitation 
transport member are arranged to be parallel to each other and 
separated by a partition plate Which has openings on both 
ends in the axial direction. Here, the developer is draWn from 
the ?rst agitation transport member side onto the developing 
roller that is arranged diagonally above the ?rst agitation 
transport member. In addition, the developer Will be peeled 
off from the surface of the developing roller after passing the 
developing region, and returned back to the ?rst agitation 
transport member side. 

HoWever, if a structure in Which four developing units 
corresponding to four color developers, i.e., the yelloW (Y) 
developer, the magenta (M) developer, the cyan (C) devel 
oper, and the black (K) developer, are respectively arranged 
parallel to each other in the horiZontal direction, just like a 
tandem full color printer, the horiZontal siZe thereof Will be 
increased. Therefore, it is dif?cult to miniaturiZe the devel 
oping unit. On the other hand, if the horiZontal siZe of the 
image forming device needs to be reduced, the arrangement 
of the developing roller has to be closely similar to that 
described in Japan Patent Application Publication JP-A-10 
123816. In this case, the above described problem regarding 
the invention described in the publication Will be caused. 

A portion of the developer peeled off from the developing 
roller may be magnetically attracted to the developing roller 
Without being agitated by the agitation transport member, and 
thus directly draWn to the surface of the developing roller. As 
a result, an excessive amount of charge Will be applied to the 
developer. Thus, the amount of the developer supplied to the 
photosensitive drum Will decrease, and the developed image 
Will appear to be pale in color. 

In addition, the developing unit disclosed in Japan Patent 
Application Publication JP-A-2002-148915 has a large Width 
(i.e., large horiZontal length). Because of this, an image form 
ing device, such as a tandem color printer in Which a plurality 
of the developing units are arranged parallel to each other in 
the horiZontal direction, Will have a large horiZontal siZe. 

In vieW of the above, it Will be apparent to those skilled in 
the art from this disclosure that there exists a need for an 
improved developing unit. This invention addresses this need 
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in the art as Well as other needs, Which Will become apparent 
to those skilled in the art from this disclosure. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide 
a developing unit in an image forming device, in Which devel 
oper peeled off from a developing roller can be reliably 
retrieved to the agitation transport member side. Thus, the 
problem caused When developer peeled off from the devel 
oping roller is directly draWn thereto can be solved. 

In accordance With a ?rst aspect of the present invention, a 
developing unit is comprised of (A) a developing roller that 
can support developer on the surface thereof, and includes (i) 
a draWing magnetic pole that draWs the developer thereto, and 
(ii) a peel-off magnetic pole that peels off the developer from 
the surface of the developing roller, (B) an agitation transport 
unit that is arranged beloW the developing roller, and agitates 
and transports the developer in the axial direction to supply 
the developer to the developing roller, and (C) a guide mem 
ber that has a sloping surface and guides the developer peeled 
off from the surface of the developing roller to the agitation 
transport unit. Here, the peel-off magnetic roller is arranged 
Within a horizontal region of the sloping surface, and the 
draWing magnetic pole is arranged horizontally outWard of 
the loWer end of the sloping surface. 

According to the ?rst aspect of the present invention, the 
developer is peeled off from the developing roller after it is 
draWn from the agitation transport member to the developing 
roller and passes the developing region. HoWever, the devel 
oper torn off from the developing roller Will be reliably 
guided to the agitation transport member side by the sloping 
surface formed in the guide unit. Therefore, it is possible to 
more reliably retrieve the developer, and thus it is possible to 
avoid the developer that Was peeled off from the developing 
roller from being directly draWn thereto before it is mixed 
With the fresh developer. Because of this, it is possible to 
prevent the density of the developer from being loWered, and 
to prevent the quality of the developer from deteriorating due 
to the extreme charging of the developer. 

In the present invention, directional terms such as “hori 
zontal,” “above” or “beloW,” mean the direction based on the 
normal usage situation of the image forming device for Which 
a developing unit in accordance With the present invention is 
applied. 

For example, a rotational axis of the developing roller may 
be located in any vertical position With respect to the sloping 
surface if it is located betWeen both ends of the sloping 
surface in the horizontal direction. 

In addition, “horizontally outWard” means the outer side of 
the horizontal region of the sloping surface in the horizontal 
direction. 

In accordance With a second aspect of the present inven 
tion, a developing unit is comprised of (A) a developing roller 
that can support developer on the surface thereof, and is 
comprised of (i) a draWing magnetic pole that draWs the 
developer thereto, and (ii) a peel-off magnetic pole that peels 
off the developer from the surface of the developing roller, (B) 
a ?rst agitation transport unit that is arranged beloW the devel 
oping roller and agitates and transports the developer in the 
axial direction to supply the developer to the developing 
roller, (C) a second agitation transport unit that is arranged 
beloW the developing roller and parallel to the ?rst agitation 
transport unit in the horizontal direction, and is capable of 
circulating and transporting the developer With the ?rst agi 
tation transport unit, and mixing the developer and externally 
supplied developer, (D) a partition member that is arranged 
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4 
betWeen the ?rst agitation transport unit and the second agi 
tation transport unit in the horizontal direction, and connects 
the ?rst agitation transport unit side and the second agitation 
transport unit side through a region in the axial direction, and 
(E) a guide member that has a sloping surface that guides the 
developer peeled off from the surface of the developing roller 
to the ?rst agitation transport unit. Here, the peel-off magnetic 
pole is arranged Within a horizontal region of the sloping 
surface of the guide member, and the draWing magnetic roller 
is arranged horizontally outWard of the loWer end of the 
sloping surface of the guide member. 
According to the second aspect of the present invention, the 

developer is circulated and transported by the tWo agitation 
transport members. HoWever, the developer peeled off from 
the developing roller is reliably guided to the ?rst agitation 
transport member side by the guide member having a sloping 
surface. Therefore, it is possible to easily keep a balance 
betWeen the amount of the developer contained in the ?rst 
agitation transport member side and the amount of the devel 
oper contained in the second agitation transport member side. 

In accordance With a third aspect of the present invention, 
in the developing unit according to the second aspect of the 
present invention, the partition member and the guide mem 
ber are formed to be integral With each other. 

According to the third aspect of the present invention, the 
number of components can be reduced, and it is easy to 
assemble the developing unit. 
As described above, according to the present invention, 

developer that is peeled off from the developing roller Will be 
reliably guided to the agitation transport member side 
through a sloping surface that functions as a guide. Therefore, 
the developer peeled off from the developing roller can be 
reliably retrieved, and can avoided being directly draWn 
thereto before it is mixed With fresh developer. Because of 
this, it is possible to prevent the quality of the developer from 
deteriorating, and to prevent a reduction in the density of the 
developer due to the extreme charging of the developer. 

These and other objects, features, aspects, and advantages 
of the present invention Will become apparent to those skilled 
in the art from the folloWing detailed description, Which, 
taken in conjunction With the annexed draWings, discloses a 
preferred embodiment of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Referring noW to the attached draWings Which form a part 
of this original disclosure: 

FIG. 1 is a vertical cross-section diagram shoWing a devel 
oping unit in accordance With one embodiment of the present 
invention. 

FIG. 2 is a top perspective vieW of the developing unit in 
accordance With one embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Selected embodiments of the present invention Will noW be 
explained With reference to the draWings. It Will be apparent 
to those skilled in the art from this disclosure that the folloW 
ing descriptions of the embodiments of the present invention 
are provided for illustration only and not for the purpose of 
limiting the invention as de?ned by the appended claims and 
their equivalents. 

Structure of the Developing Unit 
FIGS. 1 and 2 shoW diagrams of a developing unit 1 in 

accordance With one embodiment of the present invention. 
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The developing unit 1 is arranged in a tandem full color 

printer (not shown in the ?gure), and arranged to be adjacent 
to a photosensitive drum 21 installed in the full color printer. 
The developing unit 1 is comprised of a housing 3, a devel 
oping roller 5, a ?rst agitation transport member 7, a second 
agitation transport member 9, a bulkhead 11 comprised of a 
partition member 1111 and a guide member 11b, and a blade 
13. 
The housing 3 is a member that forms a portion of the 

chassis of the developing unit 1. The housing 3 is primarily 
comprised of an upper housing member 3a, and a loWer 
housing member 3b attached to the upper housing member 
3a. 

The developing roller 5 is a rotational body Which can 
attach the developer on its surface. As shoWn in FIG. 1, ?ve 
magnetic poles N1, N2, N3, S1, and S2 are ?xed in the inside 
of the developing roller 5. The magnetic pole N3 is a draWing 
magnetic pole that draWs the developer, and the magnetic pole 
N2 is a peel-off magnetic pole that peels off the developer 
from the surface of the developing roller 5. As shoWn in FIG. 
1, the magnetic poles N2 and N3 are arranged in the horizon 
tal positions C and D, respectively. 

In addition, the developing roller 5 is arranged in the inte 
rior of the housing 3 so that its loWer end is located above the 
upper ends of the agitation transport members 7 and 9, and its 
rotary shaft is located betWeen the agitation transport mem 
bers 7 and 9 in the horizontal direction. 

The ?rst agitation transport member 7 is con?gured to 
simultaneously agitate and transport the developer in the axial 
direction and supply the developer to the developing roller 5. 

The second agitation transport member 9 is arranged to be 
parallel With the ?rst agitation transport member 7 in the 
horizontal direction. The second agitation transport member 
9 can circulate and transport developer together With the ?rst 
agitation transport member 7, and mix the developer con 
tained in the housing 3 With the toner replenished from a 
hopper (not shoWn in the ?gures) installed in the full color 
printer. Here, the toner is replenished from the hopper 
through a region E shoWn in FIG. 2 

The bulkhead 11 comprises the partition member 1111 and 
the guide member 11b. The partition member 1111 divides the 
tWo agitation transport members 7 and 9 in the horizontal 
direction, and the guide member 11b guides the toner peeled 
off from the developing roller 5 to the ?rst agitation transport 
member 7 side. Here, the partition member 1111 and the guide 
member 11b are formed to be integrated With each other. 

The partition member 1111 is arranged betWeen the ?rst 
agitation transport member 7 and the second agitation trans 
port member 9 in the horizontal direction. In addition, as 
shoWn in FIG. 2, openings 110 are formed on both ends of the 
partition member 1111 in the axial direction. The openings 11c 
connect the ?rst agitation transport member 7 side With the 
second agitation transport member 9 side. 
The guide member 11b has a sloping surface 11d that 

guides the developer peeled off from the surface of the devel 
oping roller 5 to the ?rst agitation transport member 7 side. 
The upper and the loWer ends of the guide member 11b are 
arranged in the horizontal positions A and B, respectively. In 
addition, the peel-off magnetic pole N2 of the developing 
roller 5 is located betWeen the horizontal positions A and B. In 
contrast, the draWing magnetic pole N3 of the developing 
roller 5 is located toWard the photosensitive drum 21 side (i .e., 
horizontally outWard) When the position B is set to the refer 
ence position. 

The blade 13 controls the thickness of the layer of the 
draWn developer. 
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6 
Operation of Developing Unit 
An operation of the developing unit 1 is hereinafter 

explained in detail. 
When an image forming operation is requested in a color 

printer, the developer contained in the housing 3 is draWn by 
the draWing magnetic pole N3 of the developing roller 5, and 
the blade 13 both controls the thickness of the layer of the 
developer and charges the developer. Then, a portion of the 
developer is supplied to the photosensitive drum 21 from the 
developing region. 
The developer remaining on the developing roller 5 is 

peeled off by the peel-off magnetic pole N2 after it passes the 
developing region. Then it drops onto the sloping surface 11d 
of the bulkhead 11, and it is guided to and retrieved on the 
agitation transport member 7 side along the sloping surface 
11d. 
The retrieved developer is circulated and transported in the 

interior of the housing 3 through the openings 110 formed on 
the bulkhead 11 by means of the rotary drive of the ?rst 
agitation transport member 7 and the second agitation trans 
port member 9, and mixed With the toner replenished from the 
hopper in the second agitation transport member 9. 

In the above described developing unit, the developer 
peeled off from the developing roller 5 Will be reliably guided 
to and retrieved on the ?rst agitation transport member 7 side 
through the sloping surface 11d formed on the bulkhead 11. 

In addition, according to the above described developing 
unit, the developer peeled off from the developing roller 5 Will 
be reliably agitated by the ?rst agitation transport member 7. 
Therefore, it is possible to prevent the developer from being 
directly draWn to the developing roller 5 before it is mixed 
With fresh developer. Furthermore, it is possible to prevent a 
reduction in the density of the developer, and to prevent the 
quality of the developer from deteriorating due to the extreme 
charging of the developer. 

Furthermore, according to the developing unit 1, the devel 
oping roller 5 can be arranged betWeen the ?rst agitation 
transport member 7 and the second agitation transport mem 
ber 9 in the horizontal direction. Therefore, in particular, it is 
possible to miniaturize the size of an image forming device, 
such as a tandem full color printer, in Which a plurality of 
developing units are arranged to be parallel With each other. 

Alternative Embodiment 
In the above described embodiment, the housing may func 

tion as the guide member. In addition, the guide member and 
the partition member may be formed separately from each 
other. 

Furthermore, the developing unit in accordance With the 
present invention can be applied to any type of electrophoto 
graphic image forming device, such as a one-drum color 
printer or a monochrome laser printer. 

General Interpretation of Terms 

In understanding the scope of the present invention, the 
term “con?gured” as used herein to describe a component, 
section or part of a device includes hardWare and/ or softWare 
that is constructed and/or programmed to carry out the 
desired function. In understanding the scope of the present 
invention, the term “comprising” and its derivatives, as used 
herein, are intended to be open ended terms that specify the 
presence of the stated features, elements, components, 
groups, integers, and/or steps, but do not exclude the presence 
of other unstated features, elements, components, groups, 
integers and/or steps. The foregoing also applies to Words 
having similarmeanings such as the terms, “including”, “hav 
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ing” and their derivatives. Also, the terms “part, section,” 
“portion,” “member” or “element” When used in the singular 
can have the dual meaning of a single part or a plurality of 
parts. Finally, terms of degree such as “substantially”, 
“about” and “approximately” as used herein mean a reason 
able amount of deviation of the modi?ed term such that the 
end result is not signi?cantly changed. For example, these 
terms can be construed as including a deviation of at least 
15% of the modi?ed term if this deviation Would not negate 
the meaning of the Word it modi?es. 

While only selected embodiments have been chosen to 
illustrate the present invention, it Will be apparent to those 
skilled in the art from this disclosure that various changes and 
modi?cations can be made herein Without departing from the 
scope of the invention as de?ned in the appended claims. 
Furthermore, the foregoing descriptions of the embodiments 
according to the present invention are provided for illustra 
tion only, and not for the purpose of limiting the invention as 
de?ned by the appended claims and their equivalents. 
What is claimed is: 
1. A developing system for an image forming device, com 

prising: 
a photosensitive drum; and 
a developing unit including 

a developing roller arranged at the developing position 
and con?gured to support a developer, the developing 
roller comprising a draWing magnetic pole con?gured 
to independently draW the developer onto a surface of 
the developing roller, and a peel-off magnetic pole 
con?gured to peel off the developer from the surface 
of the developing roller, 

an agitation transport unit arranged beloW and substan 
tially center of the developing roller and con?gured to 
agitate and transport the developer in the axial direc 
tion and supply the developer to the developing roller, 
and 

a guide member having a sloping surface that guides the 
developer peeled off from the surface of the develop 
ing roller to the agitation transport unit, the peel-off 
magnetic pole being arranged Within a horizontal 
region of the sloping surface, and the draWing mag 
netic pole being arranged outWardly in the horizontal 
direction from the loWer end of the sloping surface, 

the photosensitive drum being arranged lateral to the devel 
oping roller and substantially lateral to the outer periph 
ery of the agitation transport unit. 

5 

20 

25 

30 

35 

40 

45 

8 
2. A developing system for an image forming device unit, 

comprising: 
a photosensitive drum; and 
a developing unit including 

a developing roller arranged at the developing position 
and con?gured to support a developer, the developing 
roller comprising a draWing magnetic pole con?gured 
to directly draW the developer onto a surface of the 
developing roller; and a peel-off magnetic pole that is 
con?gured to peel off the developer from the surface 
of the developing roller, 

a ?rst agitation transport member arranged beloW the 
developing roller and con?gured to agitate and trans 
port the developer in the axial direction and supply the 
developer to the developing roller, 

a second agitation transport member arranged beloW the 
developing roller and parallel to the ?rst agitation 
transport member in the horizontal direction and con 
?gured to mix the developer and externally supplied 
developer and circulate and transport the developer 
With the ?rst agitation transport member, the devel 
oper roller being positioned substantially betWeen the 
?rst agitation transport member and the second agita 
tion transport member, 

a partition member arranged betWeen the ?rst agitation 
transport member and the second agitation transport 
member in the horizontal direction and connects the 
?rst agitation transport member side and the second 
agitation transport member side through a region in 
the axial direction, and 

a guide member having a sloping surface that guides the 
developer peeled off from the surface of the develop 
ing roller to the ?rst agitation transport member, the 
peel-off magnetic pole being arranged Within a hori 
zontal region of the sloping surface of the guide mem 
ber, and the draWing magnetic pole being arranged 
outWardly in the horizontal direction from the loWer 
end of the sloping surface of the guide member, 

the photosensitive drum being arranged lateral to the devel 
oping roller and substantially lateral to the outer periph 
ery of at least one of the ?rst agitation transport member 
and the second agitation transport member. 

3. The developing system according to claim 2, Wherein the 
partition member and the guide member are integral With 
each other. 


